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Abstract— Synthetic Aperture Radars (SAR) are classified as active sensors. It has been capable of producing images with 
high spatial resolution, and able to observe at day and night and in all-weather condition. With these advantages, SAR image 
becomes more popular than the Optical image. SAR image formation process led to speckle noise; it causes difficulties in the 
process of interpretation and analysis of SAR images. Fuzzy approach is a technique that can be used to reduce speckle noise. 
It has been used in the ultrasonic image in the medical field and showed good performance in image filtering to reduce speckle 
noise. Implemented to SAR images for reduce speckle noise by replacing the center pixel local neighbor Frost's with digital 
numbers that calculate by fuzzy filter. Proposed filters applied into a homogeneous and heterogeneous area in SAR images, 
aims to measure the robustness of the proposed filters in speckle noise reduction and texture preservation, mainly in 
homogeneous areas. All of areas is filtered using proposed filters; that's, Frost-TMED, Frost-ATMED, Frost-ATMAV and 
Frost-TMAV combination. Evaluation has been made, to measure the performance of filters, major in speckle noise reduction 
and texture preservation. The experiment result shows that the combination of Frost-TMAV has the highest performance. It has 
been verified that the Frost-TMAV filtering approach is performing better than the other filters, which mean being able to 
produce good-quality images than other filters. It also produces an obvious example of speckle reduction processing; features 
of tissues are enhanced and a good preserve on texture. The result shows that fuzzy approach has robustness to reduce speckle 
noise in SAR image, especially in ALOS-PALSAR’s raw data, which require clarity of the image for further processing. 
Keywords—synthetic aperture radar; speckle noise; filtering; fuzzy; remote-sensing  
243
The National Conference for Postgraduate Research 2016, Universiti Malaysia Pahang 
	 244	
1. INTRODUCTION 
 
One type of sensor for observation and characterization Earth’s surface is Synthetic Aperture Radar (SAR) [1]. SAR sensor has 
several advantages such as, the ability to produce high spatial resolution images, observe in a day and night and in all-weather 
condition [2]. As it categorized as an active sensor, SAR sending electromagnetic waves toward the target surface and by 
coherently processing the returned backscattered signals from multiple distributed targets [3].  
 
The SAR image suffers from two types of noise; first, the additive noises that come from the receiver thermal noise, and 
the second are multiplicative noise that mostly affected in images also known as speckle noise [2]. The speckle noise causes 
difficulties on interpretation, analyzing, detection and classification process of SAR image [4].  
 
SAR Image must be free from noise to achieve a good analysis; therefore, the reduction of noise has become a commonly used 
routine pre-processing of SAR images [5]. One of the pre-processing techniques is by filtering speckle noise. The objective of 
using a speckle noise reduction filter is to smooth homogeneous regions while preserving texture information and edges. 
Various researchers have been conducted to reduce the speckle noise. Several methods have been proposed with their own 
strength and limitation [6]. 
 
In this study, we proposed and compare a filter which's a combination of the fuzzy algorithm [7] with qualified existing filter 
that applied to SAR image as describes in the previous study [8], aimed at eliminating speckle noise in. It also compared with 
original Frost filter [9], into ALOS-PALSAR image. The filters perform on 3x3 size of the moving window and applied into 
homogeneous and heterogeneous areas. And for evaluation of filter performance, several criteria such as, speckle noise 
reduction robustness, preservation of the mean and reduction of the standard deviation will be analyzed, used for comparative 
study. 
 
2. SPECKLE NOISE REDUCTION 
 
In this section, discussed speckle noise reduction techniques, which contains an explanation of speckle noise, speckle noise 
filtering, fuzzy approach to the reduction of speckle noise and frost filter as the most qualified classic filter. 
 
A. Speckle Noise 
 
In this section, the speckle noise model is discussed before the fuzzy filters, the characteristics of the proposed filter and the 
comparative study explanation. Speckle noise in SAR images is generated during the process of creating the image with coherent 
radiation. This multiplicative noise as an undesired effect will degrade their quality [10]. SAR images also have statistical 
property, and most of these models evolved from a multiplicative model [11]. That is the noise varies more quickly in the 
regions those image gray changes faster, and the speckle is more serious in the brighter regions. It can be established as follows 
in (1).  𝐼 𝑡 = 𝑅 𝑡 . 𝑣(𝑡) (1) 
where I (t) is the noise-affected signal and R(t) represent original image or the radar backscatter property without noise of 
ground targets, and the type of target determines the most appropriate distribution for each of the random variables, v(t) is 
speckle noise, and it is independent with R(t). Because of SAR speckle, is generated by a zero-mean random phase of echo 
signals, the mean value of v(t) is one, and its variance is relevant with the equivalent number of SAR images [l2].  
 
With speckle noise in SAR image, it makes difficulties in detection and classification [4]. It must be eliminated as pre-processing 
SAR images. Speckle noise reduction is an important and essential procedure in most target detection and recognition systems. 
However, these techniques may cause loss of image details such us edge or texture information [10]. 
 
B. Speckle Filtering 
 
Filtering is a technique to remove unwanted information from an image, to make it more appropriate for the next step of the 
image-processing  [5]. The main objective of Speckle filtering is removing noise in the uniform area, preserve texture and enhance 
the edge without changing features, and provide a good visual appearance. Speckle filtering works by moving a window over 
each pixel on the image. It moves over the image one pixel at a time until it fills the entire image. Window moves and applies a 
mathematical calculation and also substitutes the value of the window central pixel. As a result the smoothing effect and visual 
appearance reduced speckle is achieved [13].  
 
Filtering techniques generally can be grouped into multilook processing and posterior speckle filtering techniques [14]. Multilook 
processing is applied during image formation, and this procedure averages several statistically independent looks of the same 
scene to reduce speckle [15]. A major disadvantage of this technique is that the resulting images suffer from a reduction in the 
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ground resolution that is proportional to the number of look's N [16]. To overcome this disadvantage, or to reduce speckle, many 
posterior speckle-filtering techniques have been developed. These techniques are based on either the spatial or the frequency 
domain. 
 
C. Fuzzy Filter 
 
Compare with classical filter [7], Fuzzy filters provides better results in image-processing tasks. It copes with some drawbacks 
of classical filters. This filter is capable of dealing with unclear and uncertain information. Sometimes, it is required to recover 
a heavily noise corrupted images where a lot of uncertainties are present and in this case, fuzzy set theory is very useful. It uses 
each pixel in the image that represented by a membership function and different types of fuzzy rules that consider the 
neighborhood information or other information to eliminate noise [17]. Fuzzy filters are very robust in the sense that the classical 
filter removes the noise with blurry edges, but fuzzy filters perform both the edge preservation and smoothing [18]. Some fuzzy 
filters are mentioned below [7];  
 
1) Symmetrical triangle fuzzy filter with median center (TMED) Filter 
 
According [17], the symmetrical triangular fuzzy filter with the median value within a window chosen as the center value 
expressed in (2).  
 
𝐹𝑡𝑚𝑒𝑑 𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 = 	 1 −	 𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 − 𝑥789 𝑖, 𝑗𝑥79 𝑖, 𝑗 , 𝑓𝑜𝑟	 𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 − 𝑥789 𝑖, 𝑗 ≤ 𝑥79	 𝑖, 𝑗1, 𝑓𝑜𝑟	𝑥79 = 0  (2) 
 
 
where 𝑥79 𝑖, 𝑗  represent median value, calculate in (3).  
 𝑥𝑚𝑑 𝑖, 𝑗 = 𝑚𝑎𝑥 𝑥𝑚𝑎𝑥 𝑖, 𝑗 − 	𝑥𝑚𝑒𝑑 𝑖, 𝑗 , 𝑥𝑚𝑒𝑑 𝑖, 𝑗 − 	𝑥𝑚𝑖𝑛 𝑖, 𝑗  (3) 
 𝑥7@A 𝑖, 𝑗 , 𝑥7BC 𝑖, 𝑗 	and 𝑥789 𝑖, 𝑗 	are, respectively, the maximum value, the minimum value, and the median value of all the 
input values 𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 	for r, 𝑟, 𝑠	 ∈ 𝐴 within the window 𝐴 at discrete indexes 𝑖, 𝑗 .  
 
2) Asymmetrical triangle fuzzy filter with median center (ATMED) Filter 
 
The asymmetrical triangular fuzzy filter with the median value within a window chosen as the center value expressed in (4).  
 
𝐹𝑎𝑡𝑚𝑒𝑑 𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 = 	
1 −	𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 − 𝑥789 𝑖, 𝑗𝑥7@A 𝑖, 𝑗 − 	𝑥789 𝑖, 𝑗 , 𝑓𝑜𝑟	𝑥789 𝑖, 𝑗 	≤ 	𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 	≤ 	 𝑥7@A 𝑖, 𝑗
1 − 	𝑥789 𝑖, 𝑗 − 	𝑥 𝑖 + 𝑟, 𝑗 + 𝑠𝑥789 𝑖, 𝑗 − 	𝑥7BC 𝑖, 𝑗 , 𝑓𝑜𝑟	𝑥7BC 𝑖, 𝑗 	≤ 	𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 	≤ 	 𝑥789 𝑖, 𝑗1, 𝑓𝑜𝑟	𝑥7@A 𝑖, 𝑗 − 	𝑥789 𝑖, 𝑗 = 0	𝑜𝑟	𝑥789 𝑖, 𝑗 − 	𝑥7BC 𝑖, 𝑗 = 0
 
 
(4) 
Unlike in (2), the triangle window function in (4) is asymmetrical. The degree of asymmetry depends of the difference between 𝑥789 𝑖, 𝑗 − 	𝑥7BC 𝑖, 𝑗  and 𝑥7@A 𝑖, 𝑗 − 	𝑥789 𝑖, 𝑗 . 𝑥7@A 𝑖, 𝑗 , 𝑥7BC 𝑖, 𝑗 	and 𝑥789 𝑖, 𝑗 	are, respectively, the maximum value, 
the minimum value, and the median value of all the input values 𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 	for r, 𝑟, 𝑠	 ∈ 𝐴 within the window 𝐴 at discrete 
indexes 𝑖, 𝑗 .  
 
3) Symmetrical triangle fuzzy filter with moving average center (TMAV) Filter 
 
The symmetrical triangular fuzzy filter with the moving average value within a window chosen as the center value expressed in 
(5).  
 
𝐹𝑡𝑚𝑎𝑣 𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 = 	 1 −	 𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 − 𝑥7@F 𝑖, 𝑗𝑥7F 𝑖, 𝑗 , 𝑓𝑜𝑟	 𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 − 𝑥7@F 𝑖, 𝑗 ≤ 𝑥7F	 𝑖, 𝑗1, 𝑓𝑜𝑟	𝑥7F = 0  (5) 
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where 𝑥7F 𝑖, 𝑗  represent moving average value, calculate in (6).  
 𝑥𝑚𝑣 𝑖, 𝑗 = 𝑚𝑎𝑥 𝑥𝑚𝑎𝑥 𝑖, 𝑗 − 	𝑥𝑚𝑎𝑣 𝑖, 𝑗 , 𝑥𝑚𝑎𝑣 𝑖, 𝑗 − 	𝑥𝑚𝑖𝑛 𝑖, 𝑗  
(6) 𝑥7@A 𝑖, 𝑗 , 𝑥7BC 𝑖, 𝑗 	and 𝑥7@F 𝑖, 𝑗 	are, respectively, the maximum value, the minimum value, and the moving average value of 
all the input values 𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 	for r, 𝑟, 𝑠	 ∈ 𝐴 within the window 𝐴 at discrete indexes 𝑖, 𝑗 .  
 
4) Asymmetrical triangle fuzzy filter with moving average center (ATMAV) Filter 
 
The asymmetrical triangular fuzzy filter with the moving average value within a window chosen as the center value expressed in 
(7).  
𝐹𝑎𝑡𝑚𝑎𝑣 𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 = 	
1 −	𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 − 𝑥7@F 𝑖, 𝑗𝑥7@A 𝑖, 𝑗 − 	𝑥7@F 𝑖, 𝑗 , 𝑓𝑜𝑟	𝑥7@F 𝑖, 𝑗 	≤ 	𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 	≤ 	 𝑥7@A 𝑖, 𝑗
1 − 	𝑥7@F 𝑖, 𝑗 − 	𝑥 𝑖 + 𝑟, 𝑗 + 𝑠𝑥7@F 𝑖, 𝑗 − 	𝑥7BC 𝑖, 𝑗 , 𝑓𝑜𝑟	𝑥7BC 𝑖, 𝑗 	≤ 	𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 	≤ 	 𝑥7@F 𝑖, 𝑗1, 𝑓𝑜𝑟	𝑥7@A 𝑖, 𝑗 − 	𝑥7@F 𝑖, 𝑗 = 0	𝑜𝑟	𝑥7@F 𝑖, 𝑗 − 	𝑥7BC 𝑖, 𝑗 = 0
 
 
(7) 
The degree of asymmetry depends of the difference between 𝑥7@F 𝑖, 𝑗 − 	𝑥7BC 𝑖, 𝑗  and 𝑥7@A 𝑖, 𝑗 − 	𝑥7@F 𝑖, 𝑗 .		  𝑥7@A 𝑖, 𝑗 , 𝑥7BC 𝑖, 𝑗 	and 𝑥7@F 𝑖, 𝑗 	are, respectively, the maximum value, the minimum value, and the moving average value of 
all the input values 𝑥 𝑖 + 𝑟, 𝑗 + 𝑠 	for r, 𝑟, 𝑠	 ∈ 𝐴 within the window 𝐴 at discrete indexes 𝑖, 𝑗 .  
 
D. Frost Filter 
 
The Frost filter [9] is an adaptive and exponentially weighted averaging filter based on the coefficient of variation which is the 
ratio of the local standard deviation to the local mean of the degraded image. This filter response varies locally with the 
coefficients of variation. This means that at high coefficient variation, the filter attempts to preserve sharp features by retaining 
its original pixel value. At low coefficient variation, the filter is more average-like. This filter is described by mathematical 
expression in (8):  
𝐷𝑁 = 	 𝑘𝛼𝑒KL MC	A	C  (8) 
where a k is a normalization constant, 𝛼 is 4/𝑛𝜎′R . (𝜎R/𝐼R), Ī is the local mean, 𝜎 is the local variance, 𝜎′ is image coefficient 
of variation, 𝑡 = 𝑋 −	𝑋T + 𝑌 −	𝑌T  and 𝑛 is the moving window size.  
 
3. PROPOSED FILTER 
 
Frost filter as qualified filter that describes in the previous study [8], modified by combine with the fuzzy approach. As explained 
by [18], fuzzy has a good performance to reduce speckle noise in a medical image. Research on hybrid fuzzy filter conducted by 
[19], by combined sequentially wiener filter with fuzzy filter to speckle reduction in medical images. The purpose of the proposed 
method is to speckle noise reduction using a fuzzy approach, by combining the fuzzy filters with Frost filter. The architecture of 
proposed filter in this research as shown in Fig. 1.  
 
 
Figure 1: Architecture of proposed filter 
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Proposed Filter approach is to replace the center pixel local neighbor Frost's with digital numbers that calculate by fuzzy filter. 
This method assumes Frost filter’s digital number calculation affected by mean value of local neighborhood. And by this 
combination, it proposes four fuzzy filters that will applied in SAR images.  
 
Fourth proposed filters, applied in a homogeneous and heterogeneous area in SAR images, aims to measure the robustness of 
the fuzzy algorithm in speckle noise reduction and texture preservation, mainly in homogeneous areas. The results of these 
comparative studies, later will know the best combination of filter, which will be used for further work. 
 
4. RESULT AND DISCUSSION 
 
In this section, we discuss the experimental results obtained by applying fourth proposed filters in SAR images. The data source 
for this study is grayscale SAR imagery with the type of ALOS-PALSAR located in Kuantan, Pahang, Malaysia.  
 
A. Study Area and Implementation 
 
The data taken is; First, three homogeneous areas with region area are Forests, Sea and Palm Oil Plantations, each 160 x 160 
pixels in size, shown in Fig. 2 – Fig.4. Second, three heterogeneous areas, within the region contain Vegetation, Urban and River, 
each 420 x 420 pixels in size, shown in Fig. 5 – Fig.7.  
 
All of areas is filtered using Proposed Filter; that's, Frost-TMED, Frost-ATMED, Frost-ATMAV and Frost-TMAV combination. 
Evaluation measurements performed for each de-speckle image, which is used to compare the effectiveness of filter. In addition, 
it is important to evaluate the performance of four parameters, major in speckle noise reduction and texture preservation. 
 
 
Figure 2: Forest Area 
 
Figure 3: Sea Area 
 
Figure 4: Palm Oil Plantation Area 
 
 
Figure 5: Vegetation Area 
 
Figure 6: Urban Area 
  
Figure 7: River Area 
 
B. Performance Evaluation 
 
In order to measure the performance of filter, four methods have been used. Those methods are Speckle Index (SI) [20]-[22] and 
Equivalent Number of Looks (ENL) [23], [24] for speckle noise reduction performance evaluation. According to [14], the 
equivalent number of looks (ENL) used to measure the degree of speckle reduction in an ALOS-PALSAR image. According to 
[25], ENL is often used to estimate the speckle noise level and is equivalent to the number of independent intensity values that 
are used per pixel and defined as (9).  
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𝐸𝑁𝐿 = 	𝑚𝑒𝑎𝑛	(𝐹)R𝑣𝑎𝑟	(𝐹)R  (9) 
 
It is the ratio of mean to standard deviation and is a measure of the signal-to-noise ratio. The higher of ENL value, the stronger 
the speckle reduction.  
 
Reference [13], used Speckle Index (SI) to evaluate speckle reduction in medical images. SI is a measure of speckle reduction in 
terms of average contrast in the image and expressed (10).  
 
𝑆𝐼 = 	 1𝑀𝑁 𝜎(𝑖, 𝑗)𝜇(𝑖, 𝑗)[\]^
_
B]^  (10) 
 
The 𝜎(𝑖, 𝑗) and 𝜇(𝑖, 𝑗) are the standard deviation and means corresponding to a neighbor domain, respectively. Maximal value 
of SI corresponds to dissimilar image, and its minimal value corresponds to similar images or improved image quality.  
 
According to [26], an important approach to region description is to quantify its texture content. The one principal approach used 
in order to describe the texture is by statistical. This is one of the simplest approaches for describing texture, by calculate the 
mean of grey level. Reference [14], using the standard deviation to measure the proximity of the image reconstruction approaches 
the original image, with lower value are better.  
 
C. Experiment Result 
 
There are four fuzzy filters that used in this study, namely; ATMED, ATMAV, TMED and TMAV. These filters will be 
combined with Frost filter to proposed Frost Fuzzy Filters. Thus proposed, namely; Frost-ATMED, Frost-ATMAV, Frost-
TMED and Frost-TMAV. These filters will be applied in a homogeneous and heterogeneous area in SAR images. It aims to 
measure the robustness of the fuzzy algorithm in speckle noise reduction, and also texture preservation, mainly in homogeneous 
areas.  
  
1) Homogeneous Area 
 
Speckle Noise Reduction parameter data in Table 1, shows the highest ENL value achieved by the combination Frost-TMAV 
filter, it achieved in all difference areas, and this mean it has stronger ability to reduction the speckle noise. The lowest SI value 
also achieved by the combination Frost-TMAV filter as shown in Table 2, achieved in all difference areas, which mean the 
images contain little speckle noise because much reduction.  
 
Table 1: ENL Value of Filters  Table 2: SI Value of Filters 
Filter 
Image Area  
Filter 
Image Area 
Forest Sea Plantation  Forest Sea Plantation 
Frost + ATMED 12.3875 12.1753 10.8499  Frost + ATMED 0.2841 0.2866 0.3036 
Frost + ATMAV 13.0134 12.8251 11.2917  Frost + ATMAV 0.2772 0.2792 0.2976 
Frost + TMED 11.7158 12.0402 10.4279  Frost + TMED 0.2922 0.2882 0.3097 
Frost + TMAV 13.7064 13.8659 11.8917  Frost + TMAV 0.2701 0.2686 0.2900 
Original Frost 11.521 11.2544 10.2302  Original Frost 0.2946 0.2981 0.3126 
underline indicate the highest/best value  underline indicate the lowest/best value 
 
The data in Table 1 shown, the highest ENL value achieved by the combination Frost-TMAV filter as represent in Fig.8, it 
achieved in all difference areas, and this mean it has stronger ability to reduction the speckle noise. The lowest SI value as 
represent in Fig. 9 also achieved by the combination Frost-TMAV filter, achieved in all difference areas, which mean the images 
contain little speckle noise because much reduction or better image quality.  
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Figure 8: ENL Value of Filters Chart 
	
Figure 9: SI Value of Filters Chart 
While the texture parameter data in Table 3, shown the highest mean of grey level value achieved by the combination Frost-
TMED filter, it achieved in all difference areas as represent in Fig. 10.  
 
Table 3: Mean Value of Filters  Table 4: Standard Deviation Value of Filters 
Filter 
Image Area  
Filter 
Image Area 
Forest Sea Plantation  Forest Sea Plantation 
Frost + ATMED 114.2781 115.8707 112.9577  Frost + ATMED 32.4691 33.2073 34.2929 
Frost + ATMAV 114.6532 116.2708 113.3697  Frost + ATMAV 31.7827 32.4668 33.7378 
Frost + TMED 119.194 120.9464 118.4497  Frost + TMED 34.8231 34.8559 36.6804 
Frost + TMAV 117.6676 119.3068 116.6829  Frost + TMAV 31.7831 32.0398 33.8364 
Original Frost 114.7695 116.4918 113.5797  Original Frost 33.8127 34.7244 35.5106 
underline indicate the highest/best value  underline indicate the lowest/best value 
 
Table 4 shows, the standard deviation value achieved by the combination Frost-ATMAV has better performance in forest and 
plantation area, but the combination Frost-TMAV has better performance in a sea area image as represent in Fig.11. 
 
	
Figure 10: Mean Value of Filters Chart 
	
Figure 11: Standard Deviation Value of Filters Chart 
 
From three different areas of images used in this study, the ENL value of sea areas is higher than forests and plantation areas. 
The texture of sea areas is relatively homogeneous. It has little differences in image pixel values, causes variance and standard 
deviation of images  low values, while the mean of gray level is high. This also causes small in SI value as calculated in (10).  
 
2) Heterogeneous Area 
 
The heterogeneous area data, Speckle Noise Reduction parameter shown in Table 5. The highest ENL value achieved by the 
combination Frost-TMAV filter, it achieved in all difference areas. This combination also has the lowest SI value as shown in 
Table 6, it achieved in vegetation and urban areas, while in river areas, Frost+TMED combination slightly better than other filters.  
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Table 5: ENL Value of Filters  Table 6: SI Value of Filters 
Filter 
Image Area  
Filter 
Image Area 
Vegetation Urban River  Vegetation Urban River 
Frost + ATMED 10.8951 5.0838 2.2382  Frost + ATMED 0.3030 0.4435 0.6498 
Frost + ATMAV 11.3752 5.2369 2.2648  Frost + ATMAV 0.2965 0.4370 0.6433 
Frost + TMED 10.6873 5.4131 2.2674  Frost + TMED 0.3059 0.4298 0.6116 
Frost + TMAV 12.0751 5.4663 2.2790  Frost + TMAV 0.2878 0.4277 0.6210 
Original Frost 10.2908 4.8861 2.1960  Original Frost 0.3117 0.4524 0.6533 
underline indicate the highest/best value  underline indicate the lowest/best value 
 
The result of ENL and SI value that achieved by the combination Frost-TMAV filters as represent in Fig. 12 and Fig. 13, indicate 
that the filtered images, less in speckle noise because much reduction. The highest ENL value indicate it has stronger ability to 
reduction the speckle noise. The lowest SI value, it mean the images contain little speckle noise because much reduction or better 
image quality. 
 
	
Figure 12: ENL of Filters Chart 
	
Figure 13: SI Value of Filters Chart 
 
Table 7, shown the highest mean of grey level value achieved by the combination Frost-TMED filter, it achieved in all difference 
areas as represent in Fig. 14.  
 
Table 7: Mean Value of Filters  Table 8: Standard Deviation Value of Filters 
Filter 
Image Area  
Filter 
Image Area 
Vegetation Urban River  Vegetation Urban River 
Frost + ATMED 114.3705 85.928 71.9712  Frost + ATMED 34.6496 38.1101 48.1072 
Frost + ATMAV 114.7729 86.2918 72.2269  Frost + ATMAV 34.0298 37.7078 47.9942 
Frost + TMED 119.6295 91.3263 76.0648  Frost + TMED 36.5936 39.2531 50.5152 
Frost + TMAV 117.9424 89.7573 74.9212  Frost + TMAV 33.941 38.3904 49.6281 
Original Frost 114.9801 86.7563 72.6868  Original Frost 35.8425 39.2481 49.0502 
underline indicate the highest/best value  underline indicate the lowest/best value 
 
	
Figure 14: Mean Value of Filters Chart 
	
Figure 15: Standard Deviation Value of Filters Chart 
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Table 8 shows the Standard deviation value that achieved by the combination Frost-ATMAV has better performance in urban 
and river area, but the combination Frost-TMAV has better performance in a vegetation area image as represent in Fig. 15. 
 
From three different images of Heterogeneous areas used, vegetation area as represent in Fig. 6, has the most homogeneous 
region compare to urban and river areas. It makes pixel values of the images have small standard deviation and variance value, 
but high in the mean of gray level value, causes highest ENL and smallest SI value.  
 
The experiment result shows that the combination of Frost-TMAV has the highest performance. It has been verified that the 
Frost-TMAV filtering approach is performing better than the other filters, which mean being able to produce good-
quality images than other filters. It also produces an obvious example of speckle reduction processing, features of tissues are 
enhanced and a good preserve on texture. 
 
The result shows that fuzzy approach has robustness to reduce speckle noise in SAR image, especially in ALOS-PALSAR’s raw 
data, which require clarity of the image for further processing. 
 
5. CONCLUSION 
 
The result shows that Fuzzy approach have robustness to reduce speckle noise in SAR image, by the combination Frost-TMAV, 
perform better performance than other filters. This filters applied in each three Homogeneous and Heterogeneous areas of ALOS-
PALSAR image, with windows size 3x3 filter. Frost-TMAV filter mostly generates the best value for ENL, SI and Standard 
Deviation value than other filters. And the de-speckle image that filtered with Frost filter, shows better in speckle noise reduction 
and good preserve on texture. With this advantage, Frost-TMAV filter can use for ALOS-PALSAR data processing which 
requires clarity of the image.  
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